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INTRODUCTION.

The Toronto Magnetic and Meteorological Observatory is situated in the grounds of the University

of Toronto, in Latitude 43 39'. 4 N, Longitude* 5h. 17m. 33s. W., 108 feet above Lake Ontario, and ap-

proximately 342 feet above the level of the sea.

The early history of the Observatory, including the circumstances which led to its establishment by

the British Government in 1839-40, are given in detail in the introduction to the 1st Volume of the

Observations, published under the superintendence of General Sabine, R. A., which, together with the

2nd and 3rd volumes, contain the magnetical and meteorological observations, from 1840 to 1848 in-

clusive.

The operations of the Observatory as an imperial establishment were brought to a close in the

early part of the year 1853. The magnetical observations, which had ceased preparatory to the re-

moval of the instruments, were resumed under the authority of the Provincial Government in July of

the same year, while the meteorological observations were continued without intermission. The non-

commissioned officers of the Royal Artillery, Messrs. Walker, Menzies and Stewart, who had acted as

observers under Captain Lefroy, R. A., and other officers of the Royal Artillery, were permitted by the

indulgence of the Military authorities to continue in the same capacity till they became permanently
attached to the Observatory on their retirement from the army in 1855.f The general supervision was
committed to the Professor of Natural Philosophy! in University College, Toronto, till the appointment
of the present director, G. T. Kingston, M.A. in August, 1855.

In the Autumn of 1853 a new building was commenced, to take the place of the old Observatory.
The principal part of the present structure is in form rectangular, about 54 feet from North to South, in

the direction of the magnetic meridian, 44 feet from East to West, and 16 feet in height, exclusive of the

roof. Its western portion is occupied by the entrance, the two offices, and the dark room, which com-
municate towards the east with the principal room containing the magnetical differential instruments,
mounted on their original stone pedestals, which latter, during the progress of the work, were boxed
over for protection.

In the north-west corner, and included in the same horizontal dimensions, is a square tower, side

16 feet and height 43 feet, including a balustrade 2J feet high.

Determined by electric telegraph with Boston in January, 1867. It accords with the result of chronometric comparison with
Boston in 1840, see Toronto Observations, p. 17, Vol. I. The heights 108 feet and 342 feet refer to the level of the mercury in the

cistern of the barometer.

f The staff of observers waa increased in January, 1867, by the appointment of Mr. W. P. Davidson.

t J. B. Cherriman, M.A., late Fellow of St. John's College, Cambridge.
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The whole of the main building, together with the tower, are of stone, whose freedom from mag-
netism had been carefully ascertained, prior to its employment in the construction. The nails and
other fastenings are either copper or zinc.

From the southern face of the chief room extends a passage 4J feet wide, which communicates at

its southern extremity with a room 20 feet by IS, appropriated to the observations of absolute magnetic
intensity. On the east and west of the passage, and communicating with it by a second transverse

passage, are two small rooms, the former for observing transits, and the latter for the observations of

absolute declination. The three rooms with their connecting passages form a cross 72 feet from north

to south, 73 feet from east to west, and 8J feet in height. The extreme length of the whole building is

thus 126 feet, and its greatest width 73 feet.

The three small rooms are built of stone, the passages being of lath and plaster on stone founda-

tions. These buildings, which were the first erected, were used as offices during the demolition of the

old observatory and the erection of the large room and tower, which latter work was commenced in

June, 1854 and completed in June 1855.

The mteorological observations for the years 1854 to 1859, the results of which are given in this

volume, were made with the following instruments :

The Standard Barometer, by Newman, is described on page Ixxiii. of the 1st volume of the Toronto

osbervations. The interior diameter of the tube is 0.6 inches. In conformity with the practice in the

preceding observations, the corrections for capillarity amounting only to .002 inches, have not been

applied.

The Standard Thermometer is the instrument described on pp. xcvii. and xcviii. of the 2nd volume

of the Toronto observations. It is by Fastre of Paris, and is graduated & VicheUe arbitraire.

All the observations on the temperature of the air were made by this thermometer, excepting when

the temperature fell lower than the limits of the scale, (about 8) when the thermometer employed
was one supplied from the Kew Observatory.

The wet bulb thermometer is also by Fastr6, and is graduated according to an arbitrary scale.

The position occupied by the thermometers till June 24, 1854, was on the outside and near the

middle of the north wall of the
principal

room in the old building. They were protected above by a

double projecting roof, and on the east and west and north by double Venetian shutters descending to

about 4 feet from the ground. The thermometers were attached to horizontal strips of wood extending

east and west, and were read from an aperture in the wall made for that purpose, and fitted with a

shutter and sliding window. The bulbs, which were perfectly free, were about 4J feet from the

ground.

On June 24, 1854, the thermometer shed was removed from the wall, and placed against the south

fence of the Observatory enclosure. The thermometers remained under the shed in this position till the

completion of the new Observatory. On June 15, 1855, at 3 P.M
, they were moved to the new ther-

mometer shed on the outside of the north wall of the tower. The projecting roof above, and Venetian

or rather Louvre shutters of the new shed are single and painted white, instead of being double and

green as in the old shed.

The interior length of the new shed, from east to west, is 13J feet, the distance of the northern

shutter from the northern wall of the Observatory 6 feet, and the height, exclusive of the slope of the
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roof, 9| feet. The shutters extend down to a distance of 2 feet from the ground. The thermometers

are attached to horizontal strips of wood extending east and west, their bulbs, which are perfectly

free, being 4^ feet from the ground, and 14 inches from the inside of the shutters. The shed is entered

by a door communicating with the interior of the building, but the thermometers can also be read

through a window by the aid of a telescope.

The self-registering thermometers, .for recording the extremes of temperature in the shade, are

attached to the same horizontal strip of wood with the standard and wet bulb thermometers.

The anemometer (Robinson's) prior to June 1854, was mounted over a temporary shed attached to

the N. W. corner of the old Observatory. The floor of this shed, its roof and the horizontal plane in

which the cups revolved were respectively 6 feet, 12 feet and 20 feet above the floor of the Obser-

vatory.

On June 26lh, 1854, the anemometer was moved to the top of a conical wooden tower standing
at a distance of about 20 feet N.W. .from the N.W. corner of the main building. This tower, originally

built for Osier's anemometer, was about 30 feet in height. The anemometer continued in operation in

this latter position from June 28th, 1854, till June llth, 1855, when it was mounted on the tower ofthe

new Observatory. The centres of the cups in the present position of the anemometer revolve in a hor-

izontal plane 4J feet above the balustrade. The clockwork and papers for recording the direction and

velocity of the wind are supported by a platform immediately under the .deck roof of the tower.

The Rain Gauge in use is simply a rectangular vessel with an aperture of 10 inches by 20 inches,

placed 7 feet above the ground, and communicating by a pipe with a receiver beneath. The volume

of water received is measured by a glass graduated to cubic inches and parts of an inch.

The frame supporting the rain gauge stands in the enclosure surrounding the Observatory, and at

a distance from other objects sufficient to secure it from the effect of eddy winds.

The barometer, standard thermometer and wet-bulb thermometer were read six times each day,

namely, at 6 A.M., 8 A.M., 2 P.M., 4 P.M., 10 P.M., and midnight, excepting on Sundays, Christmas Day,
and Good Friday, when these instruments were read at 6 A.M. and 2 P.M. only. These latter readings,

though recorded in the daily registers, are not included in the hourly means for those hours. From
the temperature of the air and of evaporation, the pressure of vapour and the relative humidity were

deduced by hygrornetric tables. Prior to the 1st January, 1858, KupfTer's hygrometric tables were in

use, but after that date the tables employed were those calculated by Professor Coffin, of Lafayette

College, Pennsylvania, from the more recent experiments of Regnault.

The differences between the barometric pressure and the pressure of vapour were recorded at

each observation, in conformity with ordinary usage, as the Pressure of Dry Air.

At the same six observalion hours, a record was also made of the direction and velocity of the

wind, with the general appearance of the sky, including the class, distribution, and motions of the

clouds.

The meteorological day having been regarded since the establishment of the Observatory as

beginning at 6 A.M., local civil time of the day of date, the custom was introduced in January,^ 1 856,

of reading and setting both the maximum and minimum self-registering thermometers at 6 A.M.,

terminating the day of date, with the view of ascertaining the highest and lowest temperatures that

occurred within each successive space of twenty-four hours.



x INTRODUCTION.

As the reading the minimum thermometer at 6 A.M., from the proximity of that hour to the time

of minimum temperature, necessarily led 1o the loss of many of the true minima, and to the record

as such of other lower temperatures which were in fact not true minima ; and since ihe aggregate of

the temperatures recorded as minima was consequently lower than the aggregate of the true minima,

the hour of reading the minimum thermometer was changed, January 1, 1858, from 6 A.M. to 2 P.M.,

the temperature being recorded as the minimum of tne day that included the hour of reading. By

thus reading the minimum thermometer at an hour near to the ordinary time of maximum, no minimum

could be lost, excepting when the temperature at 2 P.M. was lower than any that had occurred during

the previous twenty-four hours. The maximum thermometer continued to be read as before, at 6 A.M.,

the temperature that it indicated being recorded as the maximum of the twenty-four hours just ter-

minated.

From Robinson's Anemometer a record was made of the general direction of the wind during

each hour of every day (Sundays and other holidays included), and the mean velocity or number of

miles travelled by the wind during the same hour, the space of each hour being designated by the

hour with which it commenced. For each of the six observation hours, the instantaneous direction

and approximate velocity at the hour was also recorded, such velocity being the number of miles

travelled by the wind during the half hour preceding and the half hour following the hour of obser-

vation.

The resultant direction an'd resultant velocity for any day or other group of consecutive hours, or

for a group consisting of like hours on different days, were calculated from the directions and velo-

cities in the several hours composing the group by the formulae

2 (Vsin 0)
__ S (Vcos fl)^ = 2 (Vcos*)'
V =

cos 8

Where 6 represents the angular distance to the right of north of the point from which the wind

blew during the hour, V the corresponding velocity, 6 and V the values of 6 and V corresponding to

the resultant, and n the number "of hours in the group under consideration.

The depth of the rain or snow recorded as having fallen during any day was measured at 9 A.M.

of the following day, prior to January 1, 1856
;
but after that date the time was changed to 6 A.M., the

termination of the meteorological day as regards the other elements.

In the general monthly abstracts in pp. 2 to 73, the numbers given in the six columns headed
" da ili) means

" are the daily averages of the observations made at the six observation hours, and are

uncorrecled for diurnal variation. The resultant directions and velocities and the mean velocities of

the wind are derived from the twenty-four hourly directions and velocities.

The numbers at the bases of the columns of daily means, as well as those of the mean velocity

of the wind, and of the extremes of temperature ,
are the averages of the numbers under which they

stand, Sundays being excluded only in the first six columns. Under the columns containing the <Iaily

resultant directions and resultant velocities of the wind are entered the monthly resultant directions and

velocities
;
and under the columns for the rain and snow are entered the sums of the numbers which

those columns respectively contain. In the rain or snow columns, the occurrence of a star (*) indicates

that the amount was inappreciable, or the duration less than half an hour. Where rain and melted

enow are combined, ten inches of snow are reckoned as equivalent to one inch of rain.
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REMARKS ON THE TABLES.

The normals to which reference is made in the temperature tables (Tables I. to XVIII.) are the

normal temperatures proper to Toronto in its actual circumstances, and not those proper to the parallel

of latitude on which Toronto stands. They have been deduced from the table of twenty-four-hour

daily means (a) givea by General Sabine in his paper on " the periodic and non-periodic variations of

temperature at Toronto," by applying the diurnal variations (6) contained (though with contrary signs)

in a table given in the same paper.

The normals thus computed have been tabulated, and are kept as standards to which the actual

temperatures are referred ;
the abnormal variations, with their proper signs, being entered in the daily

register side by side with each observed temperature.

Table I. gives the monthly means of the temperature of the air at each of the six observation hours

in the years 1854 to 1859 inclusive. The numbers in the last column on the right are the means of the

numbers in the six preceding columns, and are uncorrected for diurnal variation.

The final columns for the several months in Table I. are exhibited at one view in Table II., which

contains the monthly and annual means of temperature, furnished by six daily observations, in each of

the years 1854 to 1859 inclusive, as well as for the period consisting of the same six years.

In Table III. the monthly means of temperature given by Table II. are compared with the corres-

ponding normal means, namely, those derived from the normals proper to the six observation hours. It

will be seen that on the average of the six years the temperatures have been in excess of the normals in

the summer and autumn months, and in defect throughout the winter and spring, the mean of the whole

year being 0.36 in defect.

The numbers at the foot of each of the several monthly parts of Table I. are collected in Table IV.

which shews, on the average of the six years, 1854 to 1859, the monthly means of temperature for each

month, at each of the six observation hours.

In Table V. the hourly means in Table IV. are compared with the corresponding normals.

The extent of the oscillations of temperature above and below the normals proper to the day and

hour are shewn by Table VI. which contains the average abnormal variations or digressions of tem-

perature, without regard to sign, for every month and for the mean of the twelve months in each of the

six years of observation. From the final column we learn, that taking one month with another, the tem-

perature on the average of the whole series made oscillations to the extent of 6.7 above or below the nor-

mal proper to the time of observation, and that their mean amplitudes in different years never differed

by more than 0~.5 from the average (6.7). The progression from month to month in the monthly
mean digressions is not perfectly continuous, but the general character of the annual period is shewn

by the quarterly averages of the six-year means at the foot of the table, which are 6e.2 in spring, 5".2

in summer ,
5. 9 in autumn, and 9.4 in winter.

In Table VII. a comparison is made for each month between the abnormal digressions of tempera-

ture, without regard to sign, at each of the six observation hours.

(a) Philosophical Transactions for 1858, pp. 154-159.

(.6)
'< "

pp. 145, 146.
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If the annual means alone be regarded, there is nothing to warrant the belief that one hour is, to

any great extent, more subject than another to thermic disturbances
;
but if the numbers in the columns

for 10h., 12h., 18h. and 20h. be compared with those for 2h. and 4h., it will be seen that in the six

winter months (October to March )
the former group are in nearly every case, number for number, greater

than the latter group, and that exactly the reverse takes place in the other six months. The winter half-

yearly means are in every case greater, and the summer half-yearly means less at each of the hours,

10h., 12h., 18h. and 20h. than at 2h. and 4h.. The half-yearly means for the two groups, each taken

collectively, are as follows :

At 10h., 12h., 18h. and 20h., winter half-year, 8.25 : summer, 5l'.13
;

" 2h. and 4h.,
" " 7.48 ;

5.90;

From this it appears that in the winter half-year there is on the average a greater steadiness of tempera-
ture at 2h. and at 4h. than at the other observation hours, and also that this is reversed in the summer

half-year, the greater steadiness of the temperature being then at the hours of the night and morning.

The mean abnormal digressions, while they shew the extent of the temperature oscillations, do not

afford any measure of their duration, nor do they indicate whether the temperature passes gradually or

suddenly from one abnormal condition to another.

The rate per day at which the temperature changes, irrespective of diurnal and annual variation,

will be found by taking the algebraical differences between the abnormal digressions at the same hour of

consecutive days. These differences being taken for 2 P.M., their monthly averages without regard to

sign have been collected in Table VIII. From inspecting the table it will be seen that one day with

another through the year, the average difference in the temperature at 2 P.M. on consecutive days was

5.83 ;
the maximum 7.38 occurring in January, and the minimum 4. 73 in August ;

while the

quarterly means were 7. 17 for winter, 5.70 for spring, 5^.24 for summer, and 5.21 for autumn.*

The ratios at the foot of the table, which express the means of each month in terms of the mean
for the year, exhibit the comparative changeableness of temperature in the different months.

In Table VIII. no distinction is made between the increasing and the decreasing changes of tem-

perature, and it does not appear whether the changes of one sign are numerous and of small magnitude
and those of the opposite sign few and abrupt, or whether the changes in either direction are on the

average equal in number and magnitude. These points are considered in Table IX. The numbers

in the first line are each obtained by dividing 100 times the number of all the increasing changes that

occured in the group of months of the same name by the total number of changes in the same group of

months. The numbers in the third line are the quotients arising from the division of the sum of all the

increasing changes in the group of months of the same name by the number of increasing changes.
The numbers in the fifth line are derived in an analogous manner. It appears from the table that in

eight months in the year there is a preponderance in the number of increasing changes of temperature,
the mean percentage in the year being 54, that the average value of an increasing change is 5U .44, and

* The differences were subsequently taken between the temperatures at 6 A.M. on consecutive days, for the purpose of forming

Tablet XIV. to XVI., in which the differences are connected with the daily resultant winds. The quarterly and annual means thence

derived are 9".41 for the winter, 5.31 for the spring, 8.90 for the summer, 6.76 for the autumn, and 6.8B for the year.

The fact stated with reference to Table VII., namely, that the temperature at 2 P.M. is systematically more irregular in summer
and less irregular in winter than at 6 A.M., will explain why the summer mean is less and the winter mean greater when the differ-

ences are taken between 6 A.M. That the annual mean is also greater in the latter coie is owing to the circumstance that the tem-

perature at 6 A.K U more irregular on the average of the year than at P.M.
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of a decreasing change 6.34. For the different seasons the average percentage of the numbers of

increasing changes of temperature, and the average values* of the changes are as follows :
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In tracing the connection between a change in the value of any meteorological element and the

direction of the wind during the interval of time in which the change occurred, the practice of refer-

ring the change to the resultant wind is admissible, provided that the direction undergoes no great

change during the interval
;
but if the change of the wind's direction be great, the resultant computed

in the ordinary way, although geometrically equivalent to the several component winds, in the direc-

tion with which they reach the anemometer, may possibly be far from equivalent in physical effect,

and should it be from a direction for which the resultants are comparatively few, errors may thus be

introduced sufficient possibly to disguise the true character of the relation sought, unless the errors be

subdivided and thus rendered inappreciable by the combination of a series of sufficient length. From
these considerations, the results arrived at, where the .series, as in the present instance, comprises only
six years, will possibly demand modification when combined with the observations of future years,
and particularly with regard to the conclusions relative to single months.

it will be seen on examining Table XI. that in every month with a resultant wind from N., N.W.
and W. the temperature was lowered ;

in every month with a resultant wind from S.W., S., S.E. and

E. the temperature was raised ;
and that with a resultant wind from N.E. the temperature was raised

in some months and depressed in others, the collective effect in the whole year being a rise of temp-
erature with a resultant wind from the N.E. Taking the average of the year, with the wind from

any point between N.E. through East and South to S.W. inclusive the temperature was raised, and with

the wind from any point between West and North both inclusive the temperature was lowered.

The S.E. wind accompanied the greatest rise, and the N.W. wind the greatest depression, the

opposite effects being nearly equal, and the range 9.l.

The greatest ascent of temperature occurred with the S.E. wind in seven months; but in Jannary,

March, July, November and December, a south wind corresponded to the greatest rise. The greatest

depression of temperature occurred with a N.W. wind in all months but March, when the most cold

producing wind was from the west, and August and October, when the North wind accompanied the

greatest depression.

Table XII. gives for each resultant direction for each month and for each year, the number of

days that an increase of temperature occured out of a hundred days, in which the resultant wind was
from the same direction in the same month.

Cases of a rise of temperature exceed the number of falls with the resultant wind from N.E., E.

SE., S., and S.W., in all months, with three exceptions for N.E. and one exception for each of the

points East, South and S.W.

The temperature fell more frequently than it rose in all months wilh the resultant wind from W.
N.W. and N. Taking the year round, the number of cases in which the ttmperature rose exceeeded

those in which il fell, with the wind from N.E., E., S.E., S.,and S.W., the mean percentage being 69,

while with the wind from W., N.W. and N.,the number of increasing changes fell short of the depres-

sions, the mean percentage being 34.

In i able XIII. we have for each month and for the year the relative amount of the ascending

change of temperature with each wind, as compared with the whole amount of ascending and descend-

ing changes with the same wind.

In Table XIV. are given, for each month and for the year, the means (without regard to sign) of

the changes of temperature in twenty-four hours that accompany different resultant winds. The
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numbers in the final column are not the arithmetic means of those in the preceding columns, as they
would be if the wind blew an equal number of times in all months, but are obtained by dividing the

aggregate amount of all the changes, without regard to sign, for the corresponding wind, by the number
of times that that wind occurred. The numbers at the foot of the table are the arithmetic means* of

the numbers in the columns under which they stand.

In Table XV. the effects of different winds in the same month are compared by aid of the ratios of

the numbers in table XIV. to the arithmetic means over which they severally stand. For Ihe most part

the South wind would seem to be most productive of change in the colder months, and the N.W. wind in

the summer months, while for the whole year the effects of the cold winds seem to be greater, and

those of the warm winds less than the average effect of all winds.

In Table XVI. the effects of the same wind in different months are compared. It has been already
seen from Table VIII. th;it the average change of temperature in twenty-four hours, irrespective of the

direction of the wind, is least in the warmer months and greatest in the colder months. Table XVI.

shews that this holds also for each wind taken separately, the greatest contrasts between the effects in

cold and hot months being those presented by the north and south winds, the effect produced by the

north wind* in Jauu-iry being more than four times its effect in July, and the effect of the south wind
in January and December being at least five times that produced in June.f

Table XVII. gives the monthly means of the daily maxima, minima, ;md ranges of temperature,
and Table XVIII. the absolute maxima, minima, and ranges for each month and for the year, in each

of the years 1854 to 1859, <md on the average of the six years.

BAROMETRIC TABLES.

The means or approximate normals employed as standards of comparison in the barometric tables

(Tables XIX. to XXXV. inclusive), are the hourly means in each month, derived from the observations

of seven years for the first nine months, and from the observations of six years forthe rest of the year.

Table XIX. gives the monthly means of the height of the barometer, corrected to temp. 32

Fahrenheit, at each of the six observation hours in the years 1854 to 1859. The numbers in the last

column are simply the monthly six-hour means, or the means of the numbers in the six preceding
columns.

The final columns for the sevei al months in Table XIX. are exhibited in one view in Table XX.'
which contains the monthly and annual means of barometric pressure furnished by six daily observations

in each of the years 1854 to 1859, as well as for the period consisting of the same six years.

In Table XXI. the monthly means of the barometer given by Table XX. are compared with the cor-

responding approximate normal means.

The numbers at the foot of each of the several monthly parts of Table XIX. are collected in Table
XXII. which shews, on the average of the six years, the monthly means of barometric pressure, for

each month, at each of the six observation hours.

* These means are of course not the same as those from which the quarterly averages are derived, that are given in the foot note

to the remarks on Table VIII.

f T.iblos XIV. to XVI. were formed for the purpose of tracing the connection (should such connection exist) between the resul-

tant directions of the win! and theraioTiHric movements generally, without reference to the directions or signs of those^movements.
As the computations were made, the tables have been given, though the results do not indicate anything very definite. A combina-
tion with a few additional years, might possibly lead to more satisfactory conclusions.
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In Table XXIII. the hourly means in Table XXII. are compared with the corresponding assumed

normals.

Table XXIV. is designed to shew the monthly averages of the extent of the barometric abnormal

oscillations. The numbers whose averages are tabulated are the differences between the actual heights

of the barometer and the assumed normal heights proper to the month and hour.

The annual distribution of these mean abnormal variations of the barometer resembles in its gen-
eral character the corresponding distribution in the abnormal variations of temperature. The maximum
is 0.249 in January, the minimum 0.119 in August, and the mean 0.183. The quarterly means of

the abnormal digressions are 0.230 for the winter, 0.190 for the spring, 0.122 for the summer, and

O.J91 for the autumn.

Table XXV. shews the distribution of the abnormal variations of the barometer at the different

hours. The diurnal progression, unlike that shewn in the corresponding table for temperature, is well

marked on the average of the twelve months. The greatest digression, which took place at 8 A.M. on

the average of the year, maintained the same hour in every month but February and December. The

minimum digression occurred on the average of the year at 10 P.M., and at either 10 P.M. or midnight in

every month but November, when it took place at 4 P.M.

The numbers in Table XXVI. are obtained by dividing the monthly sums of the differences

between the corrected readings of the barometer at 2 P.M. on consecutive days by the number of the

days in the month. The average change in the whole year was 0-195, the maximum, 0-232, being in

December, and the minimum, 0-123, in July; while the quarterly means were 0-267 for winter, 0-210

for spring, 0-125 for summer, and 0-182 for autumn.* The ratios at the foot of the table exhibit the

relative rate of the diurnal change in the barometer in the different months.

From Table XXVII. it is seen lh.it on the whole the barometric pressure passed from one condition

to another by gradations, of which those in which the pressure increased are nearly equal in number

and magnitude to those in which the pressure diminished, the average magnitudes of the ascending
and descending changes being respectively 0-194 and 0-197.

Table XXVIII. gives the mean abnormal variations of the barometer, with their proper signs,

arranged according to the actual direction of the wind at the six ordinary observation hours. According
to the table the barometer was above the normal when the wind was blowing from any point between

east and south, both inclusive, and below the normal with the wind from any point between S.S.W.

through west to N.W.

The change in the state of the barometer dependent on the direction of the wind has been sought

by a method similar to that employed in the temperature tables, namely, by collecting in Table XIX.
the monthly and yearly means of the differences between the corrected readings of the barometer at 6

A.M. of consecutive days, arranged according to the resultant direction of the wind.

From this table we learn that the barometer rose during the twenty-four hours when the resultant

wind Wi<s from West, N.W. and North, in all months ; that it fell with a wind from N.E., E., S.E. and
S. in all months, and that with a wind from S.W. it rose in some months and fell in others. Taking

The quarterly means given in the text are nearly identical with those obtained from the differences taken between 8 A.M. and
8 AM. on consecutive days, namely, 0'289 for winter, 0-211 for spring, 0-121 for summer, 0-189 for autumn, and 0-198 for the whole
rear. In connection with this subject, it may be noticed that the annual mean abnormal variations given in Table XXV. for 6 AJI.
and 2 r.m. are nearly identical.
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the year collectively, the barometer rose with a wind from W., N.Wand N., and*fell with a wind

from N.E., E., S.E., S.,and S.W.

From Table XXX. it appears that a rise of the barometerwas more frequent than a fall in all months

with a resultant wind from W., N.W.,and N., that a fall was more frequent than a rise in all months with

n wind from E., S.E.,and S., and that witli a wind from N.E. and S.W. the number of ascents of the

barometer exceeded the number of descents in some months and fell short of it in others, the number of

months in which the number of descents preponderated being greater in both cases than the number of

months in which the number of ascents preponderated. Taking the year collectively the barometer rose

more frequently than it fell with a resultant wind from W., N.W.,and N., and it fell more frequently
than it rose with a resultant wind from N.E., E., S.E., S.,and S.W., the mean percentage in the num-
ber of ascents being 78 for the first group of winds and 27 for the latter group.

In Table XXXI. a comparison is made between the amounts of the ascending and of the descend-

ing changes of the barometric pressure corresponding to the different resultant winds. The joint

amount of the change of both signs for each wind and month being represented by 100, the number In
this table will of course exceed or fall short of 50, according as the signs in Table XXIX. are positive

or negative.*

Table XXXII. gives for each month and for the year the mean changes in the height of the bar-

ometer, irrespective of sign, between 6 A.M. and 6 A.M. on consecutive days, arranged according to the

resultant direction of the wind.

In Table XXXIII. the relative influence of each of the several winds is compared for each month

separately, as well as for the year, by expressing the numbers in Table XXXII. in terms of the monthly
and annual arithmetic means for all winds. Taking the year collectively, it will be found that the

N.W., S.E. and E. winds were most productive of barometric change, and that the least change accom-

panied the South wind. The greatest change corresponded to the N.W. wind in May, June, July, and

October, and to either the E. or S.E. winds in the other months. The least change corresponded to

either the South or S.W. winds in seven months, and to other winds in the remaining five months.

In Table XXXIV. a comparison is made of the relative influence of the same wind in different

months, by expressing the twelve monthly numbers for each wind in Table XXXII. in terms of the

arithmetic means of the same monthly numbers. The table shews that for each wind separately, as

well as for all winds collectively, (as shewn by Table XXVI.) the minimum change of barometric pres-
sure in twenty-four hours took place in one of the cold months, occurring in January for four directions

in December for two directions, in February for one, and in March for one. For each wind also, the

minimum change of barometer occurred in June or July, excepting that the minimum for the N.E. wind
was approximately the same in October as it was in July, f

Table XXXV. gives the highest and lowest readings of the barometer recorded each month in the

several years 1854 to 1859, and their differences or the monthly ranges. The final column in the table

of ranges gives the difference between the highest and lowest readings in each year. On the average
of the six years, the greatest monthly range occurred in December and the least in July. The mean

monthly range for all months was 1.035, being 0.793 for the six months, April to September, and
1.277 for the remaining six months.

* In January and August, although the number of ascending changes that accompanied a S.E. wind were respectively .20 and
.08 of the number of all the changes in these months for the S.E. wind, the amounts of increasing changes were in each case less

than .006 of the whole change, and are therefore represented as (0) in Table XXXI.

t See note to remarks on Tables XIV. to XVL
C
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The monthly and annual means at each observation hour for the separate years, 1854 to 1859, and

for the period embracing these years, are given in Tables XXXVI. to XLVII. inclusive, for the follow-

ing elements, namely, pressure of dry air, pressure of vapour, relative humidity and extent of sky
clouded.

From Table XLVI. it appears that 0.59 was the average amount of cloudiness in the year, Decem-
ber and August being, respectively, the most cloudy and the least cloudy months.

Table XLVII. shews that, among the six observation hours, 2 P.M., on the average of the year, was
the most cloudy hour, and midnight the hour most free from clouds.

In Table XLVIII. the numbers expressing the extent of sky clouded are classified according to

the sixteen principal directions of the wind. If the sixteen points be arranged in four groups, each

embracing four contiguous points, and the mean cloudiness for each point be treated as though it were

of equal weight, it appears that the means of cloudiness during winds from directions included within the

four quadrants, with their respective differences from the general mean, 0.59, were as follows :

Centres of groups, N.E.b.E. S.E.b S. S.W.b.W. N.W.b.N.
0.72 0.54 0.61 0.51

+0.13 0.05 +0.02 0.08

From this we gather that the sky was most cloudy on the average during winds from N.E.b.E., and most

clear with winds from N.W.b.N., and that there was a second maximum for winds from S.W.b.W.
and a second minimum for winds trom S.E.b S.

In forming Tables XLIX. and L
,
that give a comparative view of the annual and diurnal varia-

tions of certain meteorological elements, as derived from the series 1842-48, and from the series 1854-59,
the monthly and annual means of temperature as given by six daily observations have been reduced

to the twenty-four-hour means by applying corrections derived from the table on pp. cxxvi-vii. of the

introduction to the second volume of the Toronto observations. The independence of the annual varia-

tions of temperature for 1854-59 will therefore be affected to the extent of the differences between the

monthly and annual values of these correction differences which in no case exceed 0.ll.
The independence of the diurnal variations of temperature for 1854-59 will be affected by the

annual mean value of the correction, a quantity amounting only to 0.02.

RESULTANT DIRECTIONS OF THE WIND IN THE DIFFERENT MONTHS.

The comparison of the monthly resultants derived from the period 1854 to 1859, and given in Table

LI., shews that the general direction of the atmospheric current is considerably more from the west-

ward in the winter than in the summer months, the monthly resultants oscillating about N. 43 W.
from April to September, inclusive, and about N. 72" W. during the remaining six months.

There is a much nearer approach to uniformity of direction in the different years for some months

than for others
;
thus taking the angular difference between a monthly partial resultant on a particular

year, and the corresponding monthly resultant for the six years, as a rough measure of the irregularity

of the partial resultant, it is found that the averages of these differences are 7 for January, and about

75 for June and July. The quarterly averages of the differences are, for winter (commencing Decem-

ber 1st) 20, for summer 53, for spring 29, and for autumn 27
;
their half-yearly averages being 46

from April to September, and 1 9 during the rest of the year.
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RESULTANT TELOCITIES AND MEAN VELOCITIES IN THE DIFFERENT MONTHS.

The resultant velocities and mean velocities have each their maximum in March and their mini-

mum in July. The change from month to month is regular in both, with the exception of a small inter-

ruption of continuity in August and another in December.

RESULTANT DIRECTIONS OF THE WIND IN THE DIFFERENT HOURS.

Confining our attention in the first instance to the annual resultants given in Table LII. we find

that during the hour commencing noon the resultant wind is from N. 103 W. its extreme distance left

of North. From this point at which the wind is nearly steady during the three hours commencing at

noon, it draws round towards the north regularly and continuously till it makes its nearest approach to

the North (N. 39 W.) at 5 A.M. About this point it remains nearly steady from midnight to 7 A.M.

and then rapidly recedes again to the westward.

The extreme recession of the resultant direction from the north takes place during the first three

hours after noon in all months excepting November, when it occurs between 11 A.M. and noon, and

in December, when it is between 3 P.M. and 5 P.M. It occurs in May between 1 P.M. and 2 P.M., but

in a contrary direction to that of all olher months, being 108 to the east of north.

The hours of nearest approach to the north are not so well marked, and are included within wider

limits. In most months they are found between midnight and sunrise, but in May, June, and Nov-

ember, they occur in the early part of the night. The angular diurnal range in the direction of the

resultant is 180 in July (its maximum), and 15" in November (its minimum). The quarterly averages
of the diurnal ranges are 25 from December to February, 85 from March to May, 152* from June to

August, and 65 from September to November. The half yearly averages are 135 from April to

September, and 29 from October to March.

MEAN RESULTANT VELOCITIES OF WIND IN THE DIFFERENT HOURS.

By Table LIII. it is seen that the maximum resultant velocity for the whole year occurs during
the hour commencing 1 P.M., and the minimum during the two hours between 4 A.M. and 6 A.M ; the

progression being continuous from the maximum to the minimum and to the maximum again, if the

second place of decimals be disregarded.

The maximum takes place in one of the three hours commencing noon in every month but

April and May, when it is found in the hours commencing respectively at 9 P.M. and 7 A.M. The
hours of minimum are not well marked

; and in July, August, and September there is a double pro-

gression.

MEAN VELOCITY OF THE WIND IN THE DIFFERENT HOURS.

On the average of the year as shewn in Table LIV. the maximum velocity is from 1 P.M. to 2 PM.

and the minimum from 1 A.M. to 2 A.M. The maximum occurs in every month during one of the four

hours commencing noon, and the minimum in most months within three hours of midnight, a promi-
nent exception being December, when the minimum is at 7 A.M.

MEAN VELOCITIES OF THE WIND IN DIFFERENT DIRECTIONS.

From Table LV., which includes only winds at the six observation hours, we learn that the wind

has a maximum velocity of 10-90 miles per hour when it blows from N.W., and a minimum velocity
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of 5-22 miles per hour when it blows from S.E. There is an interruption to the continuity of the pro-

gression amounting to a second minimum at about N.N.E., and a second maximum at about E.N.E.

ANNUAL DISTRIBUTION OF THE DIFFERENT WINDS WITH RESPECT TO DURATION.

The results given in Table LI. to LIV. depend on the velocities as well as on the durations of the

different winds, and as the average velocities in some directions are much greater than in others, these

tables convey but indirect information as to the comparative prevalence of the different winds with re-

ipect to their duration. Tables LVI. to LIX., which are given to supply this want, were computed in

the following manner : From the monthly abstracts which give the direction of the wind during each

hour of each day, tables were formed for each month in the seven years 1853 to 1859, containing the

number of times during like hours that the wind blew from the sixteen principal points, as well as the

number of absolute calms in each group of like hours. By combining these tables the two following

auxiliary tables were then prepared.

Table A giving the absolute duration in hours of the different winds and of the calms for the

everal months, each month embracing the observations of seven years.

Table B. giving the absolute duration of the different winds and calms for each of the* twenty-four

hours, each hour including all the winds recorded for that hour in the seven years.

Table LVI is derived from table (A) by expressing the absolute durations of each wind in each

month and in the year, in terms of the monthly and annual mean durations for all winds. It is de-

aigned to give, for each month separately, and for the year collectively, a comparative view of the

durations of the different winds.

It appears from this table that winds from between S.S.W., through West to North, have a more

than average duration as compared with other winds, taking the whole year collectively ; but it is

only those from N.N.W. that have a duration exceeding the average in each separate month.

Winds from E.N.E. and E. are above the average on the whole year as well as in each separate

month, but December, January, February, and August. The North wind is above the average on the

whole year and is above the average in some months and below it in others, but without any per-

ceptible annual period.

The South wind is below the average on the whole year collectively, and in each separate month

but May, June, July, and August.

The wind of maximum duration for the whole year collectively is N.N.W., and the wind of

minimum duration S.E., with a second maximum at East and a second minimum at N.N.E.

The principal maximum is found at some point between W.S.W. and N.N.W. in seven months;
but in April, May, and June, East winds are the most frequent, and in July and September the most

frequent wind is from S.S.W.

The wind of least duration is from S.E., S.S.E. or South in seven months ; but in May, July,

August and September! the least frequent wind is from W.S.W., and in June it is from N.N.E.

The ipace of the hoar baa been always designated by the point of time with which it corumoncea, thus, the winds for noon

we those between noon and 1 P.M.

t la September the duration of the E.S.E. wind u nearly identical with that of the W.S.W. wind.
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In Table LVII. the durations of the same wind in different months are compared. As the months

are of different lengths, instead of comparing the absolute durations, which for the longer months would

be unduly great, this table is obtained by expressing the numbers of table LVI. in terms of the annual

arithmetic means for the several winds.

The change in duration from month to month, exhibited by this table, is for most winds very

irregular, the only instance of a distinct period being in the case of the South wind, which decreases

in duration regularly from its maximum in June to its minimum in December
; the maximum being to

the minimum nearly in the ratio of 8 to 1.

If N 3 be taken to denote the ratio which the duration of the winds, from the three points .V.N.W.,

North, and N.N.E. in the six winter months (October to March), beais to the duration of the winds

from the same points in the summer half year, and N 7 the corresponding ratio when the winds from

North are associated with those from the three points on either side of it, from W.N.W. to E.N.E ;

the ratio for the analogous combinations about the three other cardinal points being represented by S 3 ,

S r ,
E 3 , E\, W3 ,

W 7 ;
it will be found that

N 3 =0-91; S 3 =0-49; E3
= 0-65

;
W3

= 2-24

N 7
= 1-01

;
S 7 = 0-91

;
E 7 = 0-70; W 7

= 1-39

Again if the durations of the winds in the Northern and in the Western groups be compared with

(N\
- I be employed to denote the ratio whose first term
k/3

is the duration of the winds from the three points about North, the ratios between other groups being

expressed in an analogous manner
;
we have

(5).
"'

GO;
= '"

GO.
- 2

:

18;
GO,

- "
In Summer = 1-04; ==1-22; =0-63; =1-13

Year = 1-34 =1-30 =1-25 =1-59

DIURNAL DISTRIBUTION OF THE DIFFERENT WINDS WITH RESPECT TO DURATION.

The comparative duration, for each hour, of the sixteen winds and the calms are obtained by
dividing the absolute duration of each wind in the hour by the average duration of all winds, including

calms, in the same hour. From Table LVIII., in which the results are given, the following facts

may be gathered.

I. The durations of the winds from W.S.W. to N.N.W. inclusive, for each hour separately as well

as for all hours collectively, are above the average duration of all winds.

II. The durations of winds from E. and E.N.E., taking the twenty-four hours collectively, are above

the average ;
and one or other or both of these winds are above the average at all hours, excepting

from 2 A.M. to 3 A.M.

III. The durations of the North winds are above the average for the whole day collectively and have a

marked diurnal period, their duration being above the average duration of all winds from 9 P.M. to

9 A.M., and below the average from 9 A.M. to 9 P.M.

IV. The South winds have a duration less than the average, taking one hour with another, and they
also have a diurnal period, their durations being above the average duration of all winds from

10 A.M. to 6 P.M., and below the average during the rest of the twenty-four hours.
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The principal maximum occurs with the wind from S.S.W. from 11 A.M. to 4 P.M., that is to say,

during a portion of the time when the duration of the South wind is above the average, and it occurs

with the N.N.W. and North wind mostly at the hours when the duration of the North wind is above

the average ; a second maximum vibrating from East to E.N.E. during the whole of the day and

night. From 9 A.M. to 11 A.M. and from 4 P.M. to 7 P.M., namely, wheu the North and South winds

respectively are near their average as compared with other winds, and when the winds in the N.W.

quadrant are more equally distributed among its several points, the easterly or second maximum

surpasses in value the westerly or principal maximum.

The character of the diurnal periodicity of the different winds is better seen by Table LIX., in

which the duration of each wind at each hour is expressed in terms of the average duration of that

wind in the twenty-four hours.

If the columns corresponding to the four cardinal points be examined, it is found that the West
wind during the night is mostly above the twenty-four-hour average, and below the averag* during
several hours of the day ; but the range is small, the maximum being to the minimum in the ratio of

1.36 to 1.

The East wind from 8 A.M. to 9 P.M. is above the average of twenty-four hours for that wind, and

is below the average from 9 p M. to 8 A.M. ;
its diurnal range, or the ratio of the maximum to the mini-

mum being 2.40 to 1.

The North wind is above the average from 10 P.M. to 9 A.M., and below the average from 9 P.M. to

to 10 P.M., the range being 3.44 to 1.

The South wind is above the average from 10 A.M. to 7 P.M., and below it from 7 P.M. to 10 A.M.,

and its range is 4.82 to 1.

Calms occur eight times as often between midnight and 1 A.M. as they do between 1 P.M. and

2 P.M. The hours of maximum and minimum frequency of calms are very nearly the same as the

hours of minimum and maximum mean velocity, a correspondence, which, as appears from Table LVII.,
does not hold in the case of the annual distribution of calms.

RAIN AND SNOW.

The approximate durations of rain and snow forming parts of Tables LX., LXI., and LXII. are

found by the addition of the durations in hours recorded on each day from estimation. The numbers

given are probably not far from the truth, but must not be regarded as strictly accurate.

The monthly average number of days in which rain fell, as given by the six years terminating
with 1859, are month for month, with one exception, either equal to or greater than the corresponding

monthly averages for the series of 15 years terminating also with 1859, the excess on the whole year

being 12 days in favour of the shorter series. The same remark applies, and without any exception, to

the monthly averages of the number of days of snow as well as to those of rain and snow, where the

two are regarded indiscriminately ;
the number of days of either rain or snow for the whole year, given

in the shorter series, being 24 days in excess of the number given by the series of 15 years.

With respect to the quantity of rain the case is reversed, the average annual depth in the six-years
series being less than that in the fifteen-years series by about 0.6 of an inch ;

but this deficiency in the
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amount of rain is in part made up by a greater amount of snow
;
so that in combining together the rain

and snow, the average amount generally of aqueous precipitation in the year differs only by little more

than a tenth of an inch in the two series ; and this difference would disappear if eight inches of snow

instead of ten inches were taken as equivalent to one inch of water.

RELATION BETWEEN RAIN AND SNOW AND THE DIRECTION OP THE WIND.

As no instrument was in use during the years 1853 to 1859 for recording the hours in which

rain fell, an attempt has been made to trace the connection between the fall of rain and the direction

of the wind by means of the ratios which express the duration of each wind, on the days in any part of

which rain fell, in terms of the whole duration of the same wind during the same series of years. The

method employed will be understood by referring to Table LXIII.

Column (1) contains the number of hours that each wind blew during the days on which rain fell,

in the years 1853 1o 1859. Column (2) contains the corresponding numbers for snow, and column (3)

the numbers foi rain or snow. The latter are not accurately the sums of the numbers in columns (1)

and (2) from the fact that when both rain and snow fell on the same day, the duration of each wind on

that day is reckoned twice, namely, in both of the columns (1) and (2), whereas it is reckoned once only
in column (3).

If each wind blew an equal number of hours through the year, the numbers in column (1) or rather

the ratios that they severally bear to their mean for all winds, would exhibit the comparative frequency
of the different winds during rainy days ;

but as the numbers of hours during which the different winds

blew were not equal, it is necessary that the numbers in column (1) should be divided by the numbers
in column (4) that express the whole duration of the corresponding wind during the years 1853 to 1859.

From the quotients, which are given in column (5), we learn that of 1000 hours in which the wind blew
from E.N.E. as many as 545 hours were comprised in days during some part of which rain fell, but

that of 1000 hours of North wind, only 248 hours belonged to days of rain.

Similarly from column (6), 330 hours in 1000 hours of West winds, and only 86 hours in 1000 hours

of South winds were included in days in which snow fell
;
also from column (7), 637 hours in 1000 hours

of winds from E.N.E., and 412 hours in 1000 hours of South winds were included in days in

which a fall occured of either rain or snow.

Column (8) cdhtains the numbers in (5) expressed in terms of their arithmetic mean for all

winds, and columns (9) and (10) are derived in a similar manner from columns (6) and (7).

From column (9) it appears that during days of rain, winds from N.E. through South to S.W. are

above or not below the average duration of all winds, and that winds from N.N.E. through North to

W.S.W. are below the same average ; also, that the most rainy wind is from E.N.E. and the winds for

which rain is most rare are from North and N.N.W.

In the case of the snow the winds whose durations are above the average of all winds are from N.E.

through North and West to W.S.W., and the winds that have a less than average duration are from

E.N.E. through South to S.S.W., the greatest number of winds relatively that occurred during days of

snow being from the West with a second maximum at N.E., and the least number being from South

and S.S.W.

The two sets of ratios in (8) and (9) produce by their superposition a double progression in column
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(10), the chief maximum being at E.N.E., with a second maximum at West
;
the winds that are least

frequently accompanied by rain or snow being those from the north and south points.

During the years 1857 to 1859 a record was made each day of the hours during any part of which

rain or snow was seen to fall, or was believed to have fallen, from the b^st evidence that could be pro
cured at the time when the entries were made. The want of any suitable instrument during tht pe-

riod precluded any more certain mode of procuring the requisite facts
;
but although the entries do not

claim the same confidence as those made at the observation hours, or by self-registering instru-

ments, it is believed that they furnish very fair data for determining approximately the relative

frequency of the winds that blew during the same hours with rain or snow.

The distribution of the winds that blew during the same hours with rain or snow is given in

Table LXIV.

Column (1) gives the number of hours during any part of which rain fell during the years 1857

to 1859, arranged according to the direction of the wind during the same hour. Column (2) gives

the corresponding numbers for snow ;
and column (3) those for rain or snow. For a reason already

explained, the numbers in (3) are frequently less than the sum of those in (1) and (2).

Column (4) contains the whole number of hours that each wind blew during the years 1857 to

1859. The quotients arising from the division of the the numbers in (1) by those in (4), and which

are contained in column (5), are measures of the frequency of rain for each wind. Thus, it rained

during some part of each of 219 hours out of 1000 hours in which the wind was from E.N.E., and

39 hours only out of 1000 hours of N.W. wind.

Similarly from column (6), derived in a like manner from (2) and (4), it is seen that snow was

falling during part of each of 140 hours in 1000 hours of N.E. wind, and only 18 hours in 1000 hours

of South wind.

Column (7) shews that of 1000 hours of E.N.E. winds (and the same is true for N.N.E. winds),

it rained or snowed during parts of each of 282 hours, whereas it rained or snowed only 84 hours in

1000 hours of N.W. wind.

Columns (8), (9) and (10) give the ratios of the numbers in (5), (6) and (7) to their respective

means for all winds.

From (8) it appears that during rain, winds from N.N.E. through East to S^.S.W., with an inter-

ruption at South, have a duration above the average for all winds, and that winds from North through
West to S.W. have a duration below the same average.

The most rainy wind is fromE.N.E. ;
and the N.W. wind is that which is least frequently accom-

panied by rain.

During snow, winds from North to E.N.E. are decidedly above the average, the wind of greatest

frequency being that from N.E. Winds from the remaining points of the compass do not follow any

regular progression. They are for the most part below the average ;
but there is a trace of a

second maximum between W.N.W. and W.S.W.

In column (10) the second maximum is obliterated by the superposition of the two sets of ratios
;

the progression becomes single and is uninterrupted, excepting that at the South point the winds are

slightly less numerous than at either S.S.E. and S.S.W., and that the ratio at N.E. is rather less than

at either of the contiguous points. Daring precipitation generally, making no distinction between rain
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and snow, the winds whose relative durations are above the average, are limited to N.N.E., N.E.,

E.N.E., East, and E.S.E. ;
the relative durations of other winds being all less than the average.

Comparing the ratios in Table LXIV. with those from Table LXIIf., which have been placed
side by side with them for that purpose, it may be noticed that the range is much greater in the former

than in the latter table
;
and also that during snow, the west wind, instead of being, as in Table LXIH,

the wind of greatest frequency, now touches or is slightly below the average, the principal maximum
being transferred in Table LXIV to N.E.

;
at which point the wind is two and a half times as fre-

quent as the west wind during the actualfall of snow, although during days of snow, the west
wind blows for more hours than the N.E. wind.

RELATION BETWEEN RAIN AND THE DIRECTION OF THE WIND WHEN THE LIGHTER AND THE
HEAVIER FALLS ARE EXAMINED SEPARATELY.

As it is probable that in the enquiries that have been made with reference to the distribution of

the different winds during rainy days and during hours of rain, the lighter showers may have given by
their number a greater prominence to certain winds than is their due, and have diminished also in

some degree the preponderance of those which are properly the rainy winds
;
tables LXIH. (bis.) and

LXIV. (bis.) have been formed, for the purpose of shewing the distribution of the winds among the

several points of the compass, under different circumstances as regards the amount of rain in the day.

The ratios in these tables are obtained in a manner precisely similar to that employed in computing
the final columns of tables LXIH. and LXIV.

Table LXIH. (bis.) contains the ratios which express the relative* durations of each wind during

days of rain, in terms of the mean of the relative durations of all winds during days of rain
; (1)

when the rain that falls in a day is less than half an inch
; (2) when the rain is not less than half an

inch ;
and (3) when light and heavy rain are taken together.

When the rain that falls in the day is less than half an inch, it is shewn by column (1) that the

points for which the relative duration of the wind is above the average, as well as the points of the

greatest and least relative duration, are the same as when the heavy and light rain are taken together ;

the range also is very nearly the same, being slightly less than 2 to 1.

When the heavy rains only are taken inlo account, the winds whose relalive durations are above

the average, are limiled to the six points from N.E. to S.S.E.; the wind of maximum relalive duration

remains as before at E.N.E., but the minimum is transferred to W.S.W., and the range greatly
increases

;
the E.N.E. winds having a relative duration nearly nine times that of the W.S.W. winds.

The increase in the relative durations of the winds from the six points N.E. to S.S.E. inclusive, as

compared with those of the other ten winds, is shewn by the averages of the corresponding ratios in

columns (1), (2), and (3.)

(1.) (2.) (3.)

Averages of ratios for the six points, N.E. to S.S.E 1.18 1.75 1.25

Averages for remaining ten points 0.89 0.59 0.85

The ratios in table LXIV. (bis.) express the relative duration of each wind during the hours, in

The term relative duration is here employed to denote the ratio of the absolute duration of a given wind during rainy days, or

during hours of rair, to the whole absolute duration of the same wind, with and without rain, during the same period.

D
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any part of which rain fell, in terms of the mean of the relative durations of all winds during hours

of rain.

When rain under half an inch is taken alone, the winds of more than an average duration, if we

except an interruption that occurs at N.E., are the same as when no account is taken of the amount

that fell in the day ;
the \v.ind of least duration is still from N.W., but that of the greatest duration is

no longer so decidedly at E.N.E.

When rains amounting to less than half an inch are omitted, the most rainy and least rainy winds

are still from E.N^E. and N.W.
;
but the relative duration of the E.N.E. wind is eighteen times as

great as that of the N.W. wind. The winds also whose relative durations are above the average, are

limited to the four points N.N.E., N.E., E.N.E., and East.

TABLE LXIII. (Bit.)

RATIOS comparing the relative durations of the several

winds during days in any part of which rain fell,

from observations in the jears 1853 to 1859 inclu-

sive, the falls under half an inch in the day, those of

bait an inch and upwards, and rain generally, without

reference to its amount, being considered separately.

TABLE LX1V. (#.)

RATIOS comparing the relative durations of the several

winds during the hours in any part of which rain

fell, from observations in the years 1857 to 1859,
the falls under halt' an iuch, those of half an inch

and upwards, and raiu in general, without reference

to its amount, being considered separatelyo * *
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storms being ranked together indiscriminately. With a view of examining whether the distribution of

the winds found to prevail during snow generally, is maintained in the caie of the heavy falls, the

methods employed in computing Tables LXJII. and LXJV. have been applied to the following four

classes of snow storms :

Class I. including every instance where snow was recorded.

Class II. limited to those cases in which the snow in twenty-four hours was equal to or exceeded

one inch.

Class III. limited to falls of three inches and upwards.

Class IV. limited to falls of six inches and upwards.

In Table LXV. is shewn the distribution of the winds during days of snow, arranged in the

above-named four classes, and in Table LXVI. the distribution of the winds during the hours in any

part of which snow fell, the falls of snow by this method also being arranged in the same four classes.

On comparing the four final columns of Table LXV., we find that the second maximum at N.E.

in column (10) becomes very decidedly the principal maximum in column (11) wherein snow amount-

ing to less than an inch in the day is excluded, and increases greatly as the storms become more

heavy. The West wind also, which was the principal maximum when light snow was included, is

now decidedly below the average, and rapidly decreases in frequency in columns (12) and (13). The

North wind maintains a more than average frequency till the falls of snow are limited to those of six

inches and upwards.

The progressive increase in the predominance of winds from the five points, N.N.E. through East

to E.S.E. in passing from Class I. to Class IV., and the diminished frequency of other winds, are made

apparent by the averages of the ratios for the former five points, and of the remaining eleven points.

The averages are as follows :

AVERAGE RATIOS.
Class I. Class II. Class III. Class IV.

Five winds from N.N.E. to E.S.E 1.00 .. 1.70 .. 2.10 .. 2.55

Eleven remaining winds 1.04 .. 0.74 .. 0.57 .. 0.35

On turning to Table LXVI. we find that the principal maximum at N.E., in column (10), increases

rapidly in the higher classes, and that the second maximum at or near West in column (10) disappears

when the snow amounts to one inch. The North wind continues above the average during falls of

snow whereof all less than an inch are excluded, but is below the average when falls of less than three

inches are excluded, and is wholly absent when the storms included are only those of six inches and

upwards.

It appears further, with reference to the heaviest snow storms, that although during some part of

the day in which the storm takes place, the wind may blow more or less from any point of the com-

pass, during the actual fall of snow the directions of the wind are limited to the four points N.N.E.,

N.E., E.N.E., and East.

The increasing frequency in the easterly group of winds from N.N.E. through East to E.S.E.,

during the actual fall of snow, as more and more of the lighter falls are excluded, and the diminish-

ing frequency of all other winds, are shewn by the averages of the corresponding ratios in the manner

already employed with reference to table LXV.
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The averages are the following :

Class I. Class II. Class III. Class IV.

Five winds from N.N.E. to E.S.E 1.41 .. 2.16 .. 2.59 .. 3.22

Eleven remaining winds 0.84 .. 0.52 .. 0.33 .. 0.00

The distribution of the winds among the several points of the compass during falls of snow in

which the amount in the day falls short of one inch, will be found by subtracting the relative durations

in column (7) from those in column (6). The progression in the resulting series, omitting minor

irregularities, becomes single ;
the maximum is decidedly between the three points W.N.W., West,

and W.S.W. ; and the minimum is in the S.E. quadrant, the winds from N.E. being well below the

average.
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TORONTO METEOROLOGICAL OBSERVATIONS.

TABLE I.

MONTHLY MEANS OF THE TEMPERATURE OF THE AIR AT EACH OF THE SIX OBSERVATION HOURS, FROM
1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE I. (Continued.)

MONTHLY MEANS OP THE TEMPERATURE OF THE AIR AT EACH OF THE SIX OBSERVATION HOURS, FROM
1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE \. (Continued.)

MONTHLY MEANS OF THE TEMPERATURE OF THE AIR AT EACH OF THE SIX OBSERVATION HOURS, FROM
1854 TO 1869 INCLUSIVE.

Toronto
Astronomical time.
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TABLE I. (Continued.)

MONTHLY MEANS OF THE TEMPERATURE OF THE AIR AT EACH OF THE SIX OBSERVATION HOURS, FROM
1854 TO 1859 INCLUSIVE.

Toronto
% h

Astronomical time.
|
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TABLE II.

MONTHLY AND ANNUAL MEANS OF THE TEMPERATURE OF THE AIR FURNISHED BY SIX DAILY OBSERVATIONS,
FROM 1854 TO 1859 INCLUSIVE.
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TABLE IV.

MONTHLY MEANS OF THE TEMPERATURE OF THE AIR AT EACH OF THE SIX OBSERVATION HOURS, FOR THE
PERIOD 1864 TO 1859 INCLUSIVE.

Toronto

Astronomical time.



80 TORONTO METEOROLOGICAL OBSERVATIONS.

TABLE VI.

MONTHLY MEAN DIFFERENCES WITHOUT REGARD TO SIGN BETWEEN THE NORMAL TEMPERATURE OF THE

DAY AND HOUR AND THE OBSERVED TEMPERATURE OF THE SAME DAY AND HOUR, FOR EACH MONTH
OF THE YEARS 1854 TO 1859 INCLUSIVE.
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TABLE VIII.

MEAN DIFFERENCES WITHOUT REGARD TO SIGN BETWEEN THE TEMPERATURES OBSERVED AT 2 P.M. ON
CONSECUTIVE DATS, FOR EACH MONTH IN THE YEARS 1854 TO 1859 INCLUSIVE, THE EFFECT OF ANNUAL
VARIATION BEING ELIMINATED.

Yews. January.
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TABLE

X.

QIVINO

FOR

EACH

OF

THE

SIXTEEN

POINTS

OF

TBE

WIND'S

DIRECTION,

THE

MEAN

DIFFERENCE

OF

THE

TEMPERATURE

OF

THE

AIR

FROM

THE

1
NORMAL

AT

'THE

THOUR

OF

OBSERVATION,

WITH

THE

NUMBER

OF

OBSERVATIONS

FROM

WHICH

THE

MEANS

ARE

DERIVED,

FOR

THE

YEARS

1853-69

INCLUSIVE.

The

sign

(-f)

indicates

that

the

observed

temperature

was

in

excess,

and

(
)that
it

was

in

defect

of

the

normal.
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TABLE XI.

MONTHLY AND YEARLY MEANS OP THE DIURNAL CHANGE OF TEMPERATURE (EXCLUSIVE OF THAT DUE TO
ANNUAL VARIATION) FROM 6 A. M. TO 6 A. M. FOR THE PERIOD 1854 TO 1859 INCLUSIVE, ARRANGED
ACCORDING TO THE DAILY RESULTANT DIRECTION OF THE WIND.
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TABLE XIV.

MONTHLY AND YEARLY MEANS OF THE DIURNAL CHANGE OF TEMPERATURE, WITHOUT REGARD TO SIGN
AND EXCLUDING THAT DUE TO ANNUAL VARIATION, FROM 6 A.M. TO 6 A.M FOR THE PERIOD 1854 TO 1859,

ARRANGED ACCORDING TO THE DAILY RESULTANT DIRECTION OF THE WIND.
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TABLE XVII.

MONTHLY MEANS OF THE DAILY MAXIMA, MINIMA, AND RANGES OF TEMPERATURE FOR THE YEARS
1854 TO 1859 INCLUSIVE.

MAXIMA.

Month*.
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TABLE XVIII.

HIGHEST AND LOWEST TEMPERATURES IN EACH MONTH, AND MONTHLY RANGES OF TEMPERATURE FOR THE

YEARS 1854 TO 1859 INCLUSIVE.

MAXIMA.
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TABLE XIX.

87

MONTHLY MEANS OF THE BAROMETER AT EACH OP THE SIX OBSERVATION HOURS, FROM 1854 TO 1859 INCLUSIVE

Barometer at 32 = 27 inches + the number in the table.

Toronto
Astronomical time.



88 TORONTO METEOROLOGICAL OBSERVATIONS.

TABLE XIX. (Continued.)

MOKTHLY MEANS OP THE BAROMETER AT BACH OP THE SIX OBSERVATION HOURS, FROM 1854 TO 1859 INCLUSIVE.
Barometer at 32 = 27 inches + the numbers in the table.

Toronto
Astronomical time.
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TABLE XIX. (Continued)

MONTHLY MEANS OF THE BAROMETER AT EACH OP THE SIX OBSERVATION HOCTRS, FROM 1854 TO 1819 INCLUSIVE.

Barometer at 32 = 27 inches + the numbers in the table.

Toronto
Astronomical time.
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TABLE XIX. (Continued.)

MONTHLY MEANS OF THE BAROMETER, AT EACH OF THE SIX OBSERVATION HOURS, FROM 1854 TO 1859 INCLUSIVE.

Barometer at 32= 27 inches + the numbers in the table.

Toronto
fc

Astronomical time.
|
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TABLE XX.

MONTHLY AND ANNUAL MEANS OF THE BAROMETER, FURNISHED BY SIX DAILY OBSERVATIONS.

1854 TO 1859 INCLUSIVE.

Barometer t 32 = 27 inches + the numbers in the table.
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TABLE XXII.

MONTHLY MEANS OF THE BAROMETER AT EACH OF THE SIX OBSRVATION HOURS, FOR THE PERIOD
1854 TO 1859 INCLUSIVE.

Barometer at 32 = 27 inches -(- the numbers in the table.

Toronto Astronomical time.
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TABLE XXIV.
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MONTHLY MEAN DIFFERENCES WITHOUT REGARD TO SIGN BETWEEN THE OBSERVED READING OF THE
BAROMETER AND THE ASSUMED NORMAL PROPER TO THE DAT AND HOUR, FOR EACH MONTH OF THE
TEARS 1854 TO 1859 INCLUSIVE.
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TABLE XXVI.

MEAN DIFFERENCES, WITHOUT REGARD TO SIGN, BETWEEN THE HEIGHTS OF THE BAROMETER OBSERVED
AT 2 P.M. ON CONSECUTIVE DAYS, FOR EACH MONTH IN THE YEARS 1854 TO 1859 INCLUSIVE.

Years.
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TABLE XXIX.

MONTHLY AND YEARLY MEANS OF THE DIDRNAL CHANGE IN THE READINGS OP THE BAROMETER (CORRECTED
TO TEMPERATURE 32) FROM 6 A.M. TO 6 A.M. FOR THE PERIOD 1854 TO 1859 INCLUSIVE, ARRANGED ACCORD-

ING TO THE DAILY RESULTANT DIRECTION OF THE WIND.
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TABLE XXXII.

MONTHLY AND YEARLY MEANS OF THE DIURNAL CHANGE, WITHOUT REGARD TO SIGN, IN THE READINGS
OF THE BAROMETER (CORRECTED TO TEMPERATURE 32) FROM 6 A.M. TO 6 A.M., FOR THE PERIOD 1854

TO 1859, ARRANGED ACCORDING TO THE DAILY RESULTANT DIRECTION OF THE WIND.
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TABLE XXXV.

HIGHEST AND LOWEST READINGS, AND MONTHLY RANGES OF THE BAROMETER IN EACH MONTH PROM
1854 TO 1859 INCLUSIVE.

Barometer at 32 = 27 inches + the numbers in the table.

HIGHEST.

Yeare.



TORONTO METEOROLOGICAL OBSERVATIONS. 99

TABLE XXXVI.

MONTHLY MEANS OF THE PRESSURE OP DRY AIR AT EACH OF THE SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Pressure of Dry Air at 32 = 27 inches + the numbers in the table.

Toronto
Astronomical time.
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TABLE XXXVI. (Continued)

MONTHLY MEANS OF THE PRESSURE OP DRY AIR AT EACH OF THE SIX OBSERVATION HOURS, FOR
THE YEARS 1854 TO 1859 INCLUSIVE.

Pressure of Dry Air at 32 = 27 inches -(- the numbers in the table.

Toronto
Astronomical time.
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TABLE XXXVI. (Continued.)

MONTHLY MEANS OF THE PRESSURE OF DRY AIR, AT EACH OF THE SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Pressure of Dry Air at 32= 27 inches + the numbers in the table.

Toronto
Astronomical time.



102 TOEONTO METEOROLOGICAL OBSERVATIONS.

TABLE XXXVI. (Continued.)

MONTHLY MEANS OF THE PRESSURE OF DRY AIE AT EACH OF THE SIX OBSERVATION HOURS, FOR
THE YEARS 1854 TO 1859 INCLUSIVE.

Pressure of Dry Air at 32 = 27 inches + the numbers in the table.

Toronto
Astronomical time.
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TABLE XXXVII.
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MONTHLY AND ANNUAL MEANS OF THE PRESSURE OF DRY AIR FURNISHED BY SIX DAILY OBSERVATIONS
FOR 1854 TO 1869 INCLUSIVE.

Pressure of Dry Air at 32 = 27 inches + the numbers in the table.
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TABLEXXXIX.
MONTHLY MEANS OF THE PRESSURE OF VAPOUR AT EACH OF THE SIX OBSERVATION HOURS, FOR THE

TEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XXXIX. (Continued.)

MONTHLY MEANS OF THE PRESSURE OF VAPOUR AT EACH OF THE SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XXXIX. (Continued.)

MONTHLY MEANS OF THE PRESSURE OF VAPOUR AT EACH OF THB SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XXXIX. (Continued.)

MONTHLY MEANS OF THE PRESSURE OP VAPOUR AT BACH OF THE SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XL.

MONTHLY MEANS OF THE RELATIVE HUMIDITY AT EACH OF THE SIX OBSERVATION HOURS, FOR THE
YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XL. (Continued.)

MONTHLY MEANS OF THE RELATIVE HUMIDITY AT EACH OP THE SIX OBSERVATION HOURS, FOR THE

YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XL. (Continued)

MONTHLY MEANS OF THE RELATIVE HUMIDITY, AT EACH OF THE SIX OBSERVATION HOURS, FOR THE

YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XL. {Continued.)

MONTHLY MEANS OF THE RELATIVE HUMIDITY AT EACH OF THE SIX OBSERVATION HOURS, FOR THB
YEARS 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLES XLI. AND XLII.

MONTHLY AND ANNUAL MEANS OP THE PRESSURE OP VAPOUR AND RELATIVE HUMIDITY FURNISHED BY

SIX DAILY OBSERVATIONS, FOR 1854 TO 1859 INCLUSIVE.

PRESSURE OF VAPOUR.



TOE01TTO METEOROLOGICAL OBSERVATIONS. 115

TABLES XLIII. AND XLIV.

MONTHLT MEANS OF THE PRESSURE OF VAPOUR, AND RELATIVE HUMIDITY AT EACH OF THE SIX
OBSERVATION HOURS, FOR THE PERIOD 1854 TO 1859 INCLUSIVE.

Toronto
Astronomical time.
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TABLE XLV.

MONTHLY MEANS OF THE EXTENT OF SKY CLOUDED, AT EACH OF THE SIX OBSERVATION HOURS, (THE
HEMISPHERE BEING UNITY), FOR THE YEARS 1854 TO 1859 INCLUSIVE.

JANUARY.
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TABLE XLV. (Continued.)

MONTHLY MEANS OF THE EXTENT OF SKY CLOUDED, AT EACH OF THE SIX OBSERVATIONS, FOR THE
YEARS 1851 TO 1859 INCLUSIVE.

JULY. AUGUST.

Toronto
time.
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TABLE XLVF.

MONTHLY AND ANNUAL MEANS OF THE EXTENT OF THE SKY CLOUDED FROM SIX DAILY OBSERVATIONS,
FOR 1854 TO 1859 INCLUSIVE.
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TABLE XLIX.

COMPARATIVE VIEW OF THE ANNUAL VARIATIONS OF CERTAIN METEOROLOGICAL ELEMENTS DERIVED
FROM THE SERIES 1842-48, AND FROM THE SERIES 1854-59.

Months.



TORONTO METEOROLOGICAL OBSERVATIONS. 119

TABLES LI.

RESULTANT DIRECTION, RESULTANT VELOCITY, AND MEAN VELOCITY OF THE WIND FOR EACH MONTH.

RESULTANT DIRECTION.
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TABLE LII.

MONTHLY AND ANNUAL RESULTANT DIRECTIONS OP THE WIND AT EACH HOUR OP TORONTO
ASTRONOMICAL TIME, FOR THE PERIOD 1854 TO 1859 INCLUSIVE.

Hour*
Commfne-

E*.
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TABLE LIII.

121

MONTHLY AND YEARLY RESULTANT VELOCITIES OF THE WIND FOR EACH HOUR OF TORONTO ASTRONOMICAL

TIME, FOR THE PERIOD 1854 TO 1859 INCLUSIVE, THE VELOCITIES BEING IN MILES PER HOUR.

Hours.
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TABLE LIV.

MONTHLY AND YEARLY MEAN VELOCITIES OF THE WIND FOR EACH HOUR OF TORONTO ASTRONOMICAL TIME,
FOR THE PERIOD 1854 TO 1859 INCLUSIVE, THE VELOCITIES BEING IN MILES PER HOUR.

Hours.
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TABLE LVI.

RATIOS SHEWING THE COMPARATIVE DURATION OF DIFFERENT WINDS IN EACH
IN THE MONTH EXPRFSSED IN TERMS OP THE
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TABLE LVI.

SEPARATE MONTH, BEING THE ABSOLUTE DURATIONS OP THE DIFFERENT WINDS

MONTHLY MEAN DURATION FOR ALL WINDS.

s.s.w.
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TABLE LVIII.

RATIOS SHEWING THE COMPARATIVE DURATION OF DIFFERENT WINDS FOR EACH
IN TERMS OF THE MEAN DURATION

Toronto
Astronomical

time.
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TABLE LVIII.

SEPARATE HOUR, BEING THE ABSOLUTE DURATIONS FOR THE HOUR EXPRESSED

OF ALL WINDS FOR THE SAME HOUR.

127

S.S.W.
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TABLE LIX.

RATIOS SHEWING THE COMPARATIVE DURATION OF EACH SEPARATE WIND
EXPRESSED IN TERMS OF THE MEAN DDRA-

Toronto
Astronomical

time.
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TABLE LIX.

IN THE DIFFERENT HOURS, BEING THE ABSOLUTE DURATIONS AT THE HOUR

TION OF THE SAME WIND FOR ALL HOURS.

129

S.S.W.
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TABLE LX.

THE NUMBER OF DAYS IN WHICH RAIN FELL, ITS APPROXIMATE DURATION IN HOURS, AND DEPTH IN

INCHES, FOR EACH MONTH OF THE YEARS 18641859 INCLUSIVE.

NUMBER OF DAYS.

January.
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TABLE LXI.

THE NUMBER OF DAYS IN WHICH SNOW FELL, ITS APPROXIMATE DURATION IN HOURS, AND DEPTH IN INCHES,
FOR EACH MONTH OF THE YEARS 1854 TO 1859 INCLUSIVE.

NUMBER OF DAYS.
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TABLE LXII.

NUMBER OF DAYS IN WHICH EITHER RAIN OR SNOW FELL, THEIR APPROXIMATE DURATION IN HOURS, AND
DEPTH IN INCHES, FOR EACH MONTH OF THE YEARS 1854 TO 1859 INCLUSIVE

;
ONE INCH OF SNOW

BEING RECKONED AS EQUIVALENT TO ONE-TENTH OF AN INCH OF RAIN.

NUMBER OF DAYS.
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TABLE LXIII.

COMPARATIVE DURATION OP THE SEVERAL WINDS DURING THE DAYS IN ANY PART OF WHICH RAIN OR

SNOW FELL, FROM OBSERVATIONS IN THE YEARS 1853 TO 1859 INCLUSIVE.
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TABLE LXIV.

COMPARATIVE DURATION OF THE SEVERAL WINDS DURING THE HOURS IN ANY PART OP WHICH RAIN OR
SNOW FELL, FROM OBSERVATIONS IN THE YEARS 1867 TO 1859, INCLUSIVE.
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TABLE LXV.

COMPARATIVE DURATION OP THE SEVERAL WINDS DURING THE DAYS IN ANY PART OP WHICH SNOW FELL,
FROM OBSERVATIONS IN THE YEARS 1853 TO 1859 INCLUSIVE

;
THE SNOW STORMS BEING ARRANGED IN

FOUR CLASSES ACCORDING TO THE AMOUNT OF SNOW, AND EACH CLASS BEING TAKEN TO INCLUDE
ALL THE HIGHER CLASSES.
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TABLE LXVI.

COMPARATIVE DURATION OF THE SEVERAL WINDS DURING THE HOURS IN ANY PART OP WHICH SNOW FELL,
FROM OBSERVATIONS IN THE TEARS 1867 TO 1869 INCLUSIVE

;
THE SNOW STORMS liEING ARRANGED IN

FOUR CLASSES ACCORDING TO THE AMOUNT OF SNOW, AND EACH CLASS BEING TAKEN TO INCLUDE
ALL THE HIGHER CLASSES. '
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